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Dur ing  the  p e r i o d  f rom August 1 ,  1961 t o  January 31, 1963 ou r  l a b o r a t o r y  

has concerned i t s e l f  p r i m a r i l y  w i t h  the development o f  a s u i t a b l e  gas chromato- 

g raph ic  d e t e c t i o n  system capab le  o f  meet ing  many o f  t h e  requ i rements  necessary 

f o r  t h e  use of t h i s  e x t r a o r d i n a r i l y  power fu l  a n a l y t i c a l  techn ique i n  the  d e t e r -  

m i n a t i o n  o f  the  presence o f  o r g a n i c  compounds on t h e  su r faces  o f  t he  Moon and 

1 Mars. I n  a d d i t i o n ,  i n  t h i s  rega rd  i t  was dec ided t o  seek a m o n i t o r i n g  system 

/ 
// 

t h a t  would approach an i d e a l  ;.e. A s i n g l e ,  s imp le  and r o b u s t  d e t e c t i o n  dev ice  

wh ich  i s  h i g h l y  s e n s i t i v e  t o  bo th  htmospher ic  gases and o r g a n i c  vapors.  

The p r a c t i c a l  development o f  such a dev i ce  would a f f o r d  e x t r a o r d i n a r y  f l e x -  

a b i l i t y  and v e r s a t i l i t y  i n  t h a t  

a) i t  would s imp l  f y  t h e  de te rm ina t ion  o f  t h e  i n d i v i d u a l  components o f  

a tmospher ic  gases as we 1 as m i x t u r e s  o f  o r g a n i c  substances 

b) i t  would s impl  f y  t h e  a n a i y s i s  o f  gases as w e l l  as sma l le r  chemical 

f ragments re leased  d u r i n g  the  p y r o ' y s i s  o f  o r g a n i c  compounds 

c) i t  would s i m p l i f y  inst rument  requ i rements  i n  t h a t  a s i n g l e  d e t e c t o r  

would be a v a i l a b l e  which would p r o v i d e  exceed ing ly  good s e n s i t i v i t y  t o  gases as 

w e l l  as o r g a n i c  compounds. 

w i t h  t h e  use o f  s i n g l e  c a r r i e r  gas 

Moreover i t  was hoped t h a t  t h i s  c o u l d  be accomplished 
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d) i t  would s i m p l i f y  we igh t  requi rements by conce ivab ly  reduc ing  t h e  

numaer of d e t e c t o r s  r e q u i r e d  t o  s u c c e s s f u l l y  f u l f i l l  a l l  aspects  o f  the  Surveyor 

m i s s i o n  as w e l l  as f u r t h e r  space ventures  such as t h e  Mar ine r  a tmospher ic  a n a l y s i s  

and so f t  l ander  probes.  

A s  the  work proceeded, a new, s imple,  and h i g h l y  s e n s i t i v e  gas chromato- 

g r a p h i c  d e t e c t i o n  system fo r  t h e  a n a l y s i s  o f  bo th  gases and o r g a n i c  vapors was 

developed. The d e t e c t o r ,  c o n t a i n i n g  a 230 mc. t r i t i u m  source, was an i o n i z a -  

t i o n  chamber c h a r a c t e r i z e d  by a low i n t e r n a l  volume and c o n c e n t r i c  e l e c t r o d e s  

lmm. a p a r t .  U t i l i z i n g  argon as a s a e c i f ! c  c a r r i e r  gas, t h i s  d e t e c t o r  a t  an 
I 

a p p l i e d  p o t e n t i a l  o f  1 t o  2 v o l t s  hhen ma in ta ined  a t  150° t o  20OoC. p r o v i d e d  

an e x c e l l e n t  response t o  t e s t  samples o f  permanent gases. The l i m i t  o f  de- 

t e c t i o n  approached moles per  second pe r  25 m l .  o f  c a r r i e r  gas. The sub- 

s t a n t i a l  i nc rease  i n  c u r r e n t  e m i t t e d  from t h e  d e t e c t o r  a t  these low f i e l d  

s t r e n g t h s  was o r i g i n a l l y  thought  t c  be due t o  one o r  t w o  mechanisms. T h i s  

i n v o l v e d  e i t h e r  a l t e r a t i o n s  i n  e l e c t r o n  d r i f t  v e l o c i t y  caused by the  a d d i t i o n  

o f  complex molecu les  t o  argon and/cr a phenomenon i m p l i c a t i n g  c o l l i s i o n s  between 

e x c i t e d  argon atoms (Ayc) and f i x e d  gas molecu les  (M) t o  produce complex i o n s  (AM) 

i .e. A+ + M - AM+ + e- 

By o p e r a t i n g  t h e  same u n i t  a t  a h i g h e r  v o l t a g e  (150 t o  250 v o l t s )  t he  sen- 

s i t i v i t i e s  f o r  o r g a n i c  vapors were comparable t o  o r  g r e a t e r  t han  t h a t  no ted  f o r  

t he  smal l  lcm. d e t e c t o r  desc r ibed  by Love lock .  T h i s  inc rease i n  response arose 

i n  p a r t  f r o m  a lower no i se  l e v e l  and f r o m  t h e  c o n f i g u r a t i o n  o f  t he  e l e c t r o d e s  

-2-  



wn icn  m in im ized  i o n  recomb ina t ion  processes. The mechanism o f  i o n i z a t i o n  of 

o r g a n i c  compounds whose i o n i z a t i o n  ? o t e n t i a l s  were below t h e  e x c i t a t i o n  p o t e n t i a l  

o f  argon ( 1 1  6 e .v . )  i n  a d d i t i o n  to  the c l a s s i c a l  Penning e f f e c t  was though t  t o  

a l s o  i n v o l v e  a d d i t i o n  processes succ i  as complex i o n  f o r m a t i o n .  

R e c e n t l y  i n  o r d e r  t o  f u r t h e r  e l u c i d a t e  t h e  mechanism respons b l e  f o r  t h e  

i o n i z a t i o n  o f  permanent gases i n  t h i s  system, s t u d i e s  u t i l i z i n g  h gher  m o l e c u l a r  

we igh t  monoatomic gases o f  h i g h  p u r i t y  as the  e l u t i n g  gas have been c a r r i e d  o u t .  

The response t o  v a r i o u s  p o l y a t o m i c  ;ample gases, u s i n g  k r y p t o n  (m.w. 83.8) or 

xenon (m.w. 131.3) as c a r r i e r  was a ! l p rox ima te l y  two or t h r e e  t imes g r e a t e r ,  

r e s p e c t i v e l y ,  t han  t h a t  p r e v i o u s l y  noted w i t h  argon. 

From these o b s e r v a t i o n s  i t  became apparent  t h a t  b o t h  t h e  e x i s t a n c e  o f  a 

s e n s i t i v i t y  maximum w i t h  i n c r e a s i n g  v o l t a g e  (1-2v) and t h e  c o m p a r a t i v e l y  l a r g e  

c u r r e n t  which was d e r i v e d  f rom t h e  d e t e c t o r  a t  these l o w  f i e l d  s t r e n g t h s  c o u l d  

be b e s t  e x p l a i n e d  by r e l a t i v e  a l t e r a t i o n s  i n  e l e c t r o n  d r i f t  v e l o c i t y  caused by 

t h e  a d d i t i o n  o f  t r a c e  q u a n t i t i e s  o f  t e s t  samples of complex molecules t o  t h e  

monoatomic c a r r i e r  gas. The magnitude o f  response e l i c i t e d  by these substances 

appeared t o  have a d i r e c t  c o r r e l a t i o n  t o  t h e  mo lecu la r  we igh t  o f  the  c a r r i e r  

and t h e  r e l a t i v e  temperatures o f  t h z  e l e c t r o n s  w i t h i n  t h e  i o n i z e d  gas. 

A p p a r e n t l y  t h e  presence o f  complex p o l y a t o m i c  gaseous molecules i n  t h e  

chamber cause t h e  f r e e  e l e c t r o n s  to  undergo i n e l a s t i c  impacts which r e s u l t  i n  

a t r a n s f e r  o f  energy between t h e  pa ; t i c l es .  I n  t h i s  i n s t a n c e  i t  i s  presumed 
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t h a t  t h e  e l e c l r o n s  l o s e  t h e i r  energy by e x c i t i n g  t h e  v i b r a t i o n a l  

s t a t e s  i n  these molecu les .  The o v e r a l l  e f f e c t  o f  t h i s  l o w e r i n g  

energy o f  the  e l e c t r o n s  r e s u l t s  i n  an i nc rease  i n  t h e i r  d r i f t  ve 

r e a c t i o n s  tend t o  f a c i l i t a t e  the  c c l l e c t i o n  o f  f r e e  e l e c t r o n s  

g i v i n g  r i s e  t o  a r e l a t i v e l y  l a r g e  s i g n a l .  Thus when po lya tom 

analyzed i n  t h i s  system the  r e s u l t G n t  i nc rease  i n  e l e c t r o n  d r  

and r o t a t i o n a l  

n the  average 

o c i t y .  T h i s  

reduces the  p r o b a b i l i t y  o f  i o n  recombina t ion  r e a c t i o n s  by decreas ing  t h e  f r e e  

e l e c t r o n  d e n s i t y  w i t h i n  the  i o n i z a t i o n  chamber. Under these c i rcumstances  these 

a t  t he  anode 

c samples a r e  

f t  v e l o c i t y  e f f e c t  

i s  g r e a t e r  f o r  x e n o n r k r y p t o n  7 a r s o n  7 n e o n  7 h e l i u m  when each o f  these s u b -  

stances a re  used as the  c a r r i e r  ga'. 

i n  c o n t r a s t ,  w i t h  o n l y  monoatcmic c a r r i e r  gas ( e i t h e r  A ,  K r  o r  Xe) f l o w i n g  

w i t h i n  the  i o n i z a t i o n  chamber the  f r e e  e l e c t r o n s  engage i n  e l a s t i c  c o l l i s i o n s  

w i t h  t h e  p a r t i c u l a r  monoatomic gas atoms. 

v e l o c i t y  i n  these r a r e  gases i s  r e l a t i v e l y  low. Thus, under tbese c o n d i t i o n s ,  

i n  an a p p l i e d  f i e l d ,  t h e  e l e c t r o n  temperature i s  inc reased c o n s i d e r a b l y  above 

t h a t  of the  gas, making c o l l e c t i o n  a t  t he  anode r e l a t i v e l y  i n e f f i c i e n t .  Th i s  

would account for  t h e  l a c k  o f  a d i s t i n c t  s e n s i t i v i t y  maximum and t h e  c o m p a r a t i v e l y  

poor  response (min imal  l e v e l  of  d e t e c t i o n  l e s s  than 3 ~ 1 0 - ~  mole/sec.  a t  a f l o w  

r a t e  o f  25 ml . /min.  of c a r r i e r  gas) which was observed when t e s t  samples o f  t h e  

v a r i o u s  monoatomic gases such as Nc,  A ,  K r ,  and Xe were i n t r o d u c e d  i n t o  the  

system c o n t a i n i n g  d i f f e r e n t  monoatomic c p r r i e r  gases. 

I n  t h i s  case t h e  e l e c t r o n  d r i f t  
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T h e  modest response e l i c i t e d  hhen h e l i u m  was ana lyzed (minimal l e v e l  o f  

d e t e c t i o n  ~ x ~ O - ~ O  moles/sec. p e r  25 m l . /h in .  o f  c a r r i e r  gas) appears t o  be i n  

excep t ion .  

and may be r e l a t e d  t o  two e f f e c t s ,  a) t.he l a r g e  d i f f e r e n c e  between the  two 

masses i n  as much as the  f r a c t i o n a l  energy loss of  t h e  e l e c t r o n  engaged i n  

c o l l i s i o n  w i i l  be g r e a t e r  f o r  He t3an f o r  A ,  K r ,  o r  Xe, b) t he  r e l a t i v e  mag- 

n i t u d e  o f  change i n  the  m o b i l i t i c s  3 f  t h e  r e s p e c t i v e  i ons .  

T h i s  work has r e s u l t e d  i n  the  f o l l o w i n g  p u b l i c a t i o n s :  

The p r e c i s e  mechanism respons ib le  f o r  t h e  response he re  i s  unknown 

1 .  L i p s k y ,  S . R .  and M.M. Shahin, " S e n s i t i v e  I o n i z a t i o n  System f o r  t h e  D e t e c t i o n  

o f  Permanent Gases and Organic  Vapors by Gas Chromatographyi', Nature,  197, 
626, 1963. 

2. Shahin, M.M. and L i p s k y ,  S . R . ,  "The Mechanisms of  Opera t i on  of a New and 

H i g h l y  S e n s i t i v e  I o n i z a t i o n  System f o r  t h e  D e t e c t i o n  o f  Permanent Gases and 

Organic  Vapors by Gas Chromatographyi', A n a l y t i c a l  Chemist ry ,  - 35, 467, 1963. 

3.  L ipsky ,  S.R. and Shahin, M.M.,  t iObser,vations on the  Use o f  Xenon and K r y p t o n  

as C a r r i e r  Gases f o r  a H i g h l y  S s n s i t i v e  D e t e c t i o n  System f o r  Gas Chromatography - 
submi t ted  f o r  p u b l i c a t i o n  Nature  1963. 

-5-  


